We previously proposed the existence of DNA to DNA transcription in eukaryotic cells, but the mechanism by which single-stranded DNA (ssDNA) transcript is produced and released from the genome remains unknown. We once speculated that the mechanism of DNA to DNA transcription might be similar to that of DNA to RNA transcription, but now we propose that endonuclease dependent transcript cutout may be a possible mechanism of DNA to DNA transcription, in which a copy of ssDNA fragment (transcript) between two nicks produced by nicking endonuclease is released from double-stranded DNA (dsDNA) region in the genome by an unknown ssDNA fragment releasing enzyme. The gap in the dsDNA will be filled through DNA repair mechanism. Occasionally, multiple copies of ssDNA transcripts could be produced through multiple rounds of cutoutrepair-cutout cycle.
Introduction
Our recently published research findings obtained from Plasmodium falciparum strongly suggest the existence of DNA to DNA transcription in eukaryotic cells, which takes place before cell cycle progression into S phase. i.e. in G1 phase of the cell cycle [1] [2] . However, the mechanism by which a single-stranded DNA (ssDNA) transcript is produced and released from the genome remains unknown. We previously postulate that the mecha-
Endonuclease Dependent Transcript Cutout Is Proposed as a Possible
Mechanism of DNA to DNA Transcription
Endonuclease dependent transcript cutout is a novel idea proposed in this paper to understand the mechanism of DNA to DNA transcription, which is mainly based on conventional knowledge of endonuclease and DNA repair. It is well known that various restriction sites are distributed throughout the entire genome, surely including many restriction sites for nicking endonuclease that only cut one strand of a double-stranded DNA (dsDNA) to produce nicks in the dsDNA. The ssDNA fragment between the two nicks could be released from the dsDNA probably by an unknown enzyme that could be named as ssDNA fragment releasing enzyme. After the ssDNA fragment is released, a gap that is a temporary ssDNA region in dsDNA is formed, and will soon be filled through DNA repair mechanism using DNA polymerase and ligase. The released ssDNA fragment, like a RNA transcript, is a copy of a particular segment of DNA in the genome, and thus could be named as ssDNA transcript produced by means of DNA to DNA transcription. Under certain conditions, the filled or repaired gap (DNA to DNA transcription region) in the dsDNA region of the genome might be repeatedly cut by the nicking endonuclease at the same restriction sites, forming a cutout-repair-cutout transcription cycle. In each round of cycle one copy of ssDNA transcript is produced and released from the genome. To produce multiple copies of ssDNA transcripts, multiple rounds of such transcription cycles are needed.
No doubt, endonuclease dependent transcript cutout related DNA to DNA transcription should take place in G1 phase (possibly, in G2 phase as well) of the cell cycle, and before cell cycle progression into S phase, all the nicks and gaps in the dsDNA of the genome must be precisely repaired, and all the released ssDNA transcripts must be completely degraded so that the integrity of the genome is not affected during DNA replication. If DNA damage repair is not completed before cell cycle progression into S phase, the cell cycle arrest could occur.
Theoretically, if the restriction sites for nicking endonuclease are evenly distributed throughout the entire genome, the DNA to DNA transcription could take place in both coding and noncoding DNA regions of the genome. But we think that the DNA to DNA transcription might exclusively occur in noncoding DNA region of the genome because of three reasons, first, the vast majority of the mammalian genome does not code for proteins [3] , and thus the chances that DNA to DNA transcription occurs in noncoding DNA region of the genome will be very high; second, the DNA to DNA transcription involves cutting DNA by endonuclease and DNA repair, which could go wrong to cause mutations if it occurs within coding DNA region; third, many genes have long or short introns which could be the places for nicks or gaps to occur and thus could protect the coding DNA regions from mutations. Conceivably, the endonuclease dependent transcript cutout is not only decided by the restriction sites, it is also restricted by DNA modifications, such as DNA methylation etc., and probably mainly decided by the genome architecture or chromatin conformation as some torsion or knots formed by the changes of three-dimensional structure of the genome at certain points during cell cycle progression require endonuclease dependent transcript cutout to sort them out.
Besides, the endonuclease dependent transcript cutout is a process similar to autotomy (self-injury) [4] : cutting off a piece of self DNA at a critical time of the cell cycle and the lost DNA part will be regenerated later. Therefore, in normal cell cycle only low levels of this transcription are maintained. Overdoing such transcription might cause cell cycle arrest or even cell death as a study showed that introduction of ssDNA fragments with diverse sequences into mammalian cells induced DNA damage as well as apoptosis signals [5] . The primary mechanism of chloroquine's antimalarial, anticancer, and immunomodulatory actions might be closely associated with excessive DNA to DNA transcription.
Taken together, endonuclease dependent transcript cutout may be a possible mechanism of DNA to DNA transcription in eukaryotic cells. Why is this self-injury transcription mechanism required for the cell cycle pro-June 2016 | Volume 3 | e2758 gression? There are probably two main reasons for this. First, temporary ssDNA regions (gaps) in the genome are required for overcoming obstacles encountered by dynamic genome architecture or chromatin conformation during cell cycle progression. Second, the released ssDNA transcripts might have some important functions during cell cycle progression, such as being involved in the regulation of gene expression (most likely, downregulating cell cycle control gene expression), forming certain complexes with other molecules, and generating intrinsic primers for natural site-directed mutagenesis [6] .
Evidence to Support the Endonuclease Dependent Transcript Cutout as a Possible Mechanism of DNA to DNA Transcription
To explore the mechanisms of DNA to DNA transcription, we have reviewed some publications about ssDNA in isolated nuclear DNA so that a clue of ssDNA transcript released through DNA to DNA transcription could be found [7] - [11] . Generally, ssDNA amounts to 1% -2% of the total nuclear DNA samples isolated from various eukaryotic cells [7] [10]. The origin of ssDNA might be helpful in identification of ssDNA transcripts from the isolated ssDNA. To date, all the articles we reviewed clearly showed that majority of ssDNA was derived from DNA to RNA transcription regions of the genome through selective endogenous nuclease attacks presumably at an early stage of the DNA purification procedure [8] [9] . In another word, these articles indicate that the majority of ssDNA contained in the isolated nuclear DNA from various eukaryotic cells does not really exist in living cells, and was artificially produced during isolation procedure.
As for the origin of small fraction of ssDNA that was not derived from DNA to RNA transcription regions, the majority of the articles we reviewed didn't mention it at all. Luckily, we eventually found one article, in which the origin of a small faction of ssDNA was clearly mentioned: "consists of self-reassociating, moderately repeated DNA sequences, mainly derived from noncoding regions of the cell genome" [10] . We think that this small fraction of ssDNA with repeated sequences might be produced by endonuclease dependent transcript cutout, and is just the ssDNA transcript we are looking for.
Another evidence to support our DNA to DNA transcription mechanism comes from two articles, which showed that the amount of single strandedness of DNA in the human diploid fibroblasts and HeLa cells started to increase from G1, reached a maximum during S phase, and decreased as the cells enter G2 [12] [13] . The maximum of single strandedness in S phase is understandable because it has been reported to be derived from the forks of replicating DNA [14] [15]; as for the origin of the single strandedness of DNA detected in G1 phase, we think that at least some ssDNA fragments or molecules might be produced by endonuclease dependent transcript cutout.
Discovery of ssDNA regions within dsDNA helix in G1 phase is also an indirect evidence to support our idea. One article showed that DNA isolated from Chinese hamster ovary cells synchronized in G1 phase contained ssDNA regions separated by a distance of 100 μm. The author emphasized that the ssDNA regions in the G1 cells were not to be the result of a low level of DNA replication nor to be an artifact of the isolation procedure [16] . The mechanism by which these ssDNA regions were produced was not mentioned in the paper, but it is possible that they might be produced by endonuclease dependent transcript cutout and had not yet been completely repaired when they were isolated from the nucleus.
To date, except certain DNA repair that involves a limited DNA synthesis, no any other DNA synthesis in G1 phase has been reported. Thus, the only theoretical foundation for endonuclease dependent transcript cutout, a possible mechanism for DNA to DNA transcription proposed by us in this paper, will be the fact that both endonuclease activity and DNA repair function exist in G1 phase of eukaryotic cell cycle.
Implications of the Mechanism of DNA to DNA Transcription
The significance of endonuclease dependent transcript cutout proposed as a possible mechanism for DNA to DNA transcription in this paper is obvious as the mechanism belongs to one of fundamental functions of the genome. DNA to RNA transcription mainly deals with the gene expression, while DNA to DNA transcription is associated with the dynamic genome architecture during cell cycle progression, and also involved in the regulation of gene expression and generating intrinsic primers for natural site-directed mutagenesis in eukaryotic cells etc.. Therefore, once the mechanism is proven to be true, it will certainly enrich our knowledge about the functions of the genome, which will accelerate the progress in life sciences.
Conclusion
In this paper, we proposed that endonuclease dependent transcript cutout may be a possible mechanism of DNA to DNA transcription in eukaryotic cells, which is based on conventional knowledge of endonuclease and DNA repair. To date, some indirect evidence from publications has been found to support the idea, but they are not enough. Therefore, design of appropriate experiments to validate the mechanism is both necessary and worthwhile.
